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bstract
The separation of the enantiomers of a group of organophosphorus pesticides (OPs) has been investigated by electrokinetic chromatography
EKC) using different anionic cyclodextrins as chiral selectors. The use of a 25 mM Tris buffer (pH 7.0), 20 mM in CM--CD together with
n applied voltage of 24 kV and a temperature of 25 ◦C enabled the individual enantiomeric separation of malathion and phenthoate each
ne into its two enantiomers, the partial separation of the enantiomers of phenamiphos and the separation of three of the four enantiomers of
somalathion. Since naled is very reactive in aqueous solutions, its enantiomeric separation achieved in about 8 min in 25 mM borate buffer
t pH 9 with 10 mM CM--CD resulted in the observation of a broad peak due to degradation products. A preconcentration step by disk
olid-phase extraction was studied and used together with the chiral EKC method developed for the enantiomeric separation of malathion
n order to determine this pesticide in tap water samples spiked at the g mL−1 level. Finally, the precision and recovery of the method was
stablished.
2005 Elsevier B.V. All rights reserved.
eywords: Enantiomeric separation; organophosphorus pesticides; Capillary electrophoresis; Malathion; Solid-phase extraction
. Introduction
Nowadays, organophosphorus pesticides (OPs) constitute
ne of the largest classes of agricultural insecticides used in
he world and characterized by their high degradation rates.
hey act as pesticides because of their property of inhibiting
cetilcholinesterase (AchE) in insects. Although these pesti-
ides show preferential toxicity to insects, they are also toxic
∗ Corresponding author. Tel.: 34 91 8854915; fax: +34 91 8854971.
E-mail address: mluisa.marina@uah.es (M.L. Marina).
to mammals existing regulatory limits for human exposure
based on inhibition of AchE either in experimental animals
or in humans [1–3]. Human intake of OPs is through the re-
maining pesticides in food products due to their indiscrimi-
nate application by farmers [4]. Numerous OPs are chiral and
their potential biological effects may be enantioselective. In
addition, for some of these pesticides one enantiomer is more
toxic that the other one. In these cases, it would be desirable
to use single enantiomers as pesticides producing a reduc-
tion of the chemical used in the environment. However, the
stereospecific synthesis and purification of individual enan-
003-2670/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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tiomers is difficult and costly, which accounts for the fact that
the worldwide production of single enantiomers of pesticides
is very reduced [5–7]. In spite of this fact, the evaluation of the
real toxicity of environmental samples and the understand-
ing of the chiral discrimination in biological processes require
the development of analytical methodologies to achieve the
enantiomeric separation of these chiral compounds. These
chiral methodologies will also be applicable to the control
of products in enantioselective production plants since this
practice is expected to increase in the future together with
the appearance of legal regulations controlling the advanta-
geous use of single enantiomers as agricultural. Among the
different separation techniques enabling enantiomeric anal-
ysis, capillary electrophoresis (CE) has show an enormous
potential in this field due to its interesting characteristics
as high separation efficiency, versatility and low consump-
tion of chiral selectors [8]. However, an enantiomeric sepa-
ration in CE is not based on an electrophoretic mechanism
because the electrophoretic mobilities of the enantiomers of
a chiral compound are equal and nonselective. Actually, the
enantioselective recognition of the enantiomers of a chiral
compound is due to their different interaction with a chiral
selector and therefore caused by a chromatographic mecha-
nism. As a consequence, chiral separations by CE are per-
formed in the electrokinetic chromatography (EKC) format
[9].
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Therefore, the aims of this work were two:
(i) To select the experimental conditions enabling the enan-
tiomeric separation by CE of a group of OPs: malathion,
malaoxon, isomalathion, phenthoate, naled, isofenphos,
ruelene and phenamiphos due to most of them have not
been separated enantiomerically by CE. In fact, as far
as we know this holds for malaoxon and isomalathion
(which are the main metabolites of malathion), phen-
thoate, naled, isofenphos and phenamiphos have not been
enantiomerically separated previously by CE. In addi-
tion, although malathion has been partially enantiomer-
ically separated by a MEKC system, its baseline sepa-
ration is needed in order to apply the chiral method to
the quantitative analysis of its enantiomers in different
samples.
(ii) The determination of malathion, which is one of the most
used OPs in agriculture, in water samples spiked at the
g mL−1 concentration level, concentration levels re-
ported for malathion in drinking waters [2], by chiral
CE after preconcentration of this pesticide by disk solid-
phase extraction.
2. Experimental
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4There are numerous papers dedicated to the separation
nd also quantification of OPs by gas chromatography (GC)
10,11] or high performance liquid chromatography (HPLC)
12,13]. However, only few of them are dedicated to the enan-
iomeric separation of some of these compounds by HPLC
14–16], or CE [7,17,18]. Using CE, dialifos was enantiomer-
cally separated in less than 8 min in a sodium dodecyl sulfate
SDS) micellar EKC (MEKC) system using -cyclodextrin
-CD) (40 mM) as chiral selector and methanol (10%) in
he separation buffer. Nevertheless, malathion and ruelene
ere only partially resolved in a similar MEKC system us-
ng hydroxypropyl--CD (60 mM) as chiral selector with-
ut and with methanol (20%) [17]. Ruelene enantiomers
ere also separated by a similar MEKC system containing
ydroxypropyl--CD (40 mM) with acetonitrile (20%) [7].
inally, the enantiomeric resolution of organophosphorus tri-
sters using the anionic cyclodextrin derivative octakis(2,3-
iacetyl-6-sulfo)--cyclodextrin (ODAS--CD, 20 mM) as
hiral selector with methanol (10%) as organic modifier
as been achieved [18]. Then, although there are many
Ps having an asymmetric center (phosphorus or carbon)
ome of them have not been enantiomerically resolved yet
y CE. At this respect, the use of cyclodextrin derivatives
as shown enormous possibilities for the enantiomeric sep-
ration of compounds of pharmaceutical and environmen-
al interest by CE [6,8,9]. Some possibilities of the use of
yclodextrin derivatives on the enantiomeric separation of
ompounds of environmental interest by CE have also been
hown previously in different works of our research team
19–21]..1. Chemicals and samples
All reagents were of analytical grade. 3-[N-Morpholine]
ropanesulfonic acid (MOPS) was purchased from Sigma
St. Louis, MO, USA); sodium hydroxide, hydrochloric
cid, methanol, hexane, ammonium acetate, and Tris (N-
ris (hydroxymethyl) aminomethane) were supplied from
erck (Darmstadt, Germany); ethyl acetate and diethyl
ther were from Panreac (Barcelona, Spain); tetrahydro-
uran was from Scharlau (Barcelona, Spain); boric acid
as from Fluka (Buchs, Switzerland); carboxymethylated -
yclodextrin (CM--CD, degree of substitution (DS) ∼3),
arboxymethylated -cyclodextrin (CM--CD, DS ∼3),
Succ--CD, DS ∼3.5), -cyclodextrin sulfated (-CD sul-
ated, DS ∼12) were obtained from Cyclolab (Budapest,
ungary). Water used to prepare solutions was purified
hrough a Milli-Q system from Millipore (Bedford, MA,
SA). All solutions were filtered through 45m pore size
isposable nylon filters from Waters (Milford, MA, USA).
Malathion, malaoxon, isomalathion, phenthoate, isofen-
hos, ruelene, phenamiphos, and naled were purchased from
hemservices (West Chester, PA, USA). The chemical struc-
ures of these OPs are shown in Table 1.
.2. Apparatus
Two capillary electrophoresis instruments have been used:
i) a UNICAM CRYSTAL 300 CE system (Unicam Emmen,
he Netherlands) equipped with a UV detector (UNICAM
225). Electropherograms were recorded using a Philips
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Table 1
Structure and name of the OPs pesticides studied in this work
Pesticide Structure
Malathion
Malaoxon
Isomalathion
Phenthoate
Isofenphos
Ruelene
Phenamiphos
Naled
PU1815 Integrator (Cambridge, GB) and (ii) a HP3D CE sys-
tem (Hewlett-Packard, Waldbronn, Germany) equipped with
an on-column diode array detector (DAD) and a HP 3D-CE
Chemstation software.
Uncoated fused-silica capillaries from Teknokroma
(Barcelona, Spain) with 75m inner diameter (i.d.) and
363m outer diameter (o.d.) with an effective length of
61.5 cm (70 cm total length) when the HP3D CE system was
used or with 50m i.d. and 363m o.d. with an effective
length of 65 cm (77 cm total length) when the UNICAM
CRYSTAL 300 CE system was used, were employed.
Capillary temperature was set to 25 ◦C and UV detection
was performed at 210, 230, and 254 nm.
A micropH 2000 (Crison, Barcelona, Spain) was em-
ployed to adjust the pH of the separation buffers.
Extraction of malathion was performed in a vacuum filtra-
tion system into a ISOLUTE SPE column (C8/ENV+) from
International Sorbent Technology (Mid Glamorgan, UK).
2.3. Procedure
2.3.1. Conditioning of the capillary and EKC separation
Electrolytic solutions were prepared weighing and dis-
solving the appropriate amount of buffer and chiral selector
in Milli-Q water to obtain the required concentration and ad-
justing the pH to the desired value with 1 M sodium hydroxide
or diluted hydrochloric acid solutions prior to adjust the final
volume.
Between injections, the capillary was washed with NaOH
0.1 M (5 bar for 2 min) followed by Milli-Q water (5 bar for
2 min) and separation buffer (5 bar for 2 min) in the HP3D
CE system whereas in the UNICAM CRYSTAL 300 CE sys-
tem the capillary was washed with NaOH 0.1 M (2 bar for
2 min) followed by Milli-Q water (2 bar for 2 min) and sep-
aration buffer (2 bar for 2 min). The injections were made
by pressure: 50 mbar for 3–6 s (50 mbar for 3 s for the de-
termination of malathion in water samples). The applied
voltage employed was from 15 to 30 kV. A range of volt-
age of 24 kV in 0.6 min was employed for the selected
conditions and for the determination of malathion in water
samples.
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s.3.2. Standards and sample preparation
Standard solutions were prepared by dissolving each
ompound in methanol (malathion, malaoxon, isoma-
athion, phenthoate, isofenphos, and ruelene) or hexane
phenamiphos and naled) up to a final concentration of
0.00 mg mL−1 approximately. Dilutions of these solutions
ere made in order to obtain a concentration of approxi-
ately 0.10 mg mL−1 for all the pesticides studied except for
aled for which a concentration of about 1.00 mg mL−1 was
mployed. In the application of the chiral EKC method devel-
ped to the determination of malathion in water samples, dif-
erent standard solutions were prepared by diluting the stock
olution of 10.00 mg mL−1 in methanol in order to obtain in-
reasing concentrations ranging from 0.10 to 1.40 mg mL−1.
Malathion was determined in tap water samples (from Al-
ala´ de Henares, Madrid) spiked at the g mL−1 concentra-
ion level (0.8, 1.0, and 1.2g mL−1).
.3.3. Solid-phase extraction
ISOLUTE SPE disks (C8/ENV+) were placed in the vac-
um filtration system and activated and conditioned with 2×
mL methanol and 2× 5 mL of Milli-Q water. After per-
olating the spiked water sample (100 mL), the adsorbent
as washed with 5 mL Milli-Q water and the malathion was
luted with 2× 2 mL of elution solvent (ethyl ether, ethyl ac-
tate, ethyl acetate–tetrahydrofurane, or ethyl acetate–ethyl
ther). Prior to the injection in the CE system the solvent was
vaporated by a nitrogen flow and the pesticide was redis-
olved in 0.4 mL methanol.
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Table 2
Experimental conditions tested for the enantiomeric separation of the OPs pesticides studied
Buffer Chiral selector Voltage, kV (current
intensity, A)
Pesticide enantiomerically separated (enantiomeric resolution)
25 mM Borate (pH 9)a 10 mM CM--CD 20 (20) Naled (>5), phenthoate (1.4)
25 mM Borate (pH 9)a 10 mM CM--CD 20 (27) Naled (>5)
25 mM Borate (pH 9)a 10 mM Succ--CD 20 (10.5) None
25 mM Borate (pH 9)a 10 mM -CD sulfated 20 (40) None
25 mM Tris (pH 7.0)b 5 mM CM--CD 24 (59) Isomalathion (1.7, 0.3)c
25 mM Tris (pH 7.0)b 10 mM CM--CD 24 (102) Naled (>5), phenthoate (1.5), isomalathion (2.4, 0.6)c
25 mM Tris (pH 7.0)b 15 mM CM--CD 24 (155) Naled (>5), phenthoate (1.7), phenamiphos (0.4), malathion
(0.5), isomalathion (2.5, 0.9)c
25 mM Tris (pH 7.0)b 20 mM CM--CD 24 (162) Naled (>5), phenthoate (2.0), phenamiphos (0.6), malathion
(1.4), isomalathion (2.5, 1.1)c
25 mM MOPS (pH 7.0)b 20 mM CM--CD 24 (117) Naled (>5), phenthoate (1.7), isomalathion (2.5, 1.2)c
25 mM Ammonium acetate
(pH 5.0)b
20 mM CM--CD 24 (178) Isomalathion (2.7, 1.1)c
a Instrumental conditions: uncoated fused sillica capillary 78.5 cm (70 cm to the detector)× 50m i.d.; UV-detection at 214 nm; 25 ◦C and 30 kV.
b Instrumental conditions: uncoated fused sillica capillary 70 cm (61.5 cm to the detector)× 75m i.d.; UV-detection at 230 nm and 254 nm; 25 ◦C and 24 kV.
c Enantiomeric resolution between peaks 1 and 2 and peaks 3 and 4.
2.4. Data treatment
In order to increase the precision of the data, corrected
migration times and corrected peak areas were used [22].
Corrected migration times were calculated as the migration
time of the peak divided by the migration time correspond-
ing to the electroosmotic flow (methanol). Corrected peak
areas were calculated dividing the peak area by the migra-
tion time of the peak. Corrected total peak areas, used for
the calibration, were calculated as the addition of the area
corresponding to the first migrating enantiomer divided by
its migration time and the area corresponding to the second
migrating enantiomer divided by its migration time.
All the experimental data were manipulated using Excel
7.0 from Microsoft Office software [23].
3. Results and discussion
3.1. Enantiomeric separation of OPs: selection of the
experimental conditions
Eight chiral OPs (malathion, malaoxon, isomalathion,
phenthoate, isofenphos, ruelene, phenamiphos, and naled)
have been injected in a CE system using different anionic
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did not enable the enantiomeric separation of any compound.
Fig. 1 shows the enantiomeric separation of naled in less than
8 min when 25 mM borate buffer at pH 9 with 10 mM CM-
-CD and UV-detection at 214 nm were employed. It can
be observed that the first enantiomer is partially overlapped
with a peak, which was due to the degradation products of this
pesticide, which is very reactive in aqueous solution. Then,
Fig. 1. Enantiomeric separation of naled (∼1.00 mg mL ) in a 25 mM bo-
rate buffer (pH 9) with 10 mM CM--CD. Experimental conditions: ambient
temperature; applied voltage 30 kV; UV detection at 214 nm; injection by
pressure, 50 mbar for 12 s; 50m i.d., 363m o.d. capillary of 77 cm length
(65 cm to the detector), UNICAM CRYSTAL 300 CE system.yclodextrins as chiral selectors in the separation buffer. All
onditions used in this work to try the enantiomeric separa-
ion of these compounds are summarized at Table 2.
First, different chiral selectors were used under different
xperimental conditions in order to achieve the enantiomeric
eparation of the chiral OPs studied. When a fixed concentra-
ion (10 mM) of different anionic CD derivatives (CM--CD,
M--CD, Succ--CD,-CD sulfated) was used in a 25 mM
orate buffer (pH 9) it was observed that CM--CD enabled
he enantiomeric resolution of naled and phenthoate and CM-
-CD enabled the enantiomeric resolution of naled whereas
he use of Succ--CD or -CD sulfated as chiral selectors−1
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CM--CD seems to be the best chiral selector among those
checked. The use of CM--CD (10 mM) with 25 mM Tris
buffer at neutral pH enabled the enantiomeric resolution of
naled and phenthoate as in the case of borate buffer at pH
9, but in addition, isomalathion was enantiomerically dis-
criminated in this case. When 25 mM Tris buffer (pH 7) with
different concentrations (5, 10, 15, and 20 mM) of CM--CD
was used, an increase in the enantiomeric resolution was ob-
served with increasing concentrations of CD (see Table 2).
Therefore, a 20 mM concentration of CM--CD was selected
as the most appropriate to achieve the chiral separation of the
compounds studied and higher concentrations were not em-
ployed due to the high current intensity (162A) obtained
with this concentration of the anionic CD. Fig. 2a shows the
separation of the two enantiomers of malathion, and the sep-
aration of three of the four enantiomers of isomalathion in
25 mM Tris buffer at pH 7 with 20 mM CM--CD (detection
at 230 nm). On the other hand, Fig. 2b shows the enantiomeric
separation of phenthoate and the partial separation obtained
for the enantiomers of phenamiphos when 25 mM Tris buffer
F
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at pH 7 with 20 mM CM--CD (detection at 254 nm) was
employed. The selected concentration of CM--CD (20 mM)
was also employed with 25 mM MOPS (pH 7) and 25 mM
ammonium acetate (pH 5). A decrease in the number of pes-
ticides enantiomerically separated when Tris was changed by
MOPS and when the pH decreased from 7 to 5 was observed
(see Table 2).
In the case of malathion, it was only partially enantiomer-
ically separated by CE in a previous work [17] whereas under
the conditions proposed in this work it was baseline separated
although in a longer analysis time (∼15 min versus ∼5 min
reported in Ref. [17]). On the other hand, the baseline sepa-
ration of malathion enantiomers by HPLC has been reported
using a polysaccharide chiral stationary phase using a hex-
ane:ethanol (90:10) mobile phase [16]. Limits of detection for
this pesticide by HPLC were not given in this work because
its goal was the comparison of different stationary phases to
achieve the chiral separation of a group of OPs. In addition,
from an environmental point of view, CE may be considered
a clean analytical technique compared to HPLC due to its low
consumption of solvents and samples.
3.2. Determination of malathion in water samples
Malathion is one of the most widely used OPs insecti-
cides and it is chiral due to an asymmetric carbon center on
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dig. 2. (a) Separation of the two enantiomers of malathion (∼0.10 mg mL−1)
nd of three of the four enantiomers of isomalathion (∼0.10 mg mL−1)
n a 25 mM Tris buffer (pH 7) with 20 mM CM--CD and UV-detection
t 230 nm. (b) Enantiomeric separation of phenthoate (∼0.10 mg mL−1)
nd phenamiphos (∼0.10 mg mL−1) in a 25 mM Tris buffer (pH 7) with
0 mM CM--CD and UV-detection at 254 nm. Other experimental condi-
ions: 25 ◦C; applied voltage 24 kV; injection by pressure, 50 mbar for 3 s;
5m i.d., 363m o.d. capillary of 70 cm length (61.5 cm to the detector),
P3D CE system.
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dhe succinyl ligand (see Table 1). This is why in this work,
he chiral EKC method developed for the enantiomeric sepa-
ation of malathion based on the use of 25 mM Tris buffer at
H 7 with 20 mM CM--CD (25 ◦C and 24 kV) was applied
o the determination of malathion in water samples spiked at
he g mL−1 level.
First, solutions of malathion standard with concentrations
anging from 1.02 to 1.40 mg mL−1 were injected in order to
etermine the linear concentration range. A linear relation-
hip between the total corrected area and the concentration
f malathion was observed in the concentration range from
.10 to 0.99 mg mL−1. The equation obtained in this con-
entration range when the corrected total peak area against
he concentration was plotted was y=−0.03 + 0.77x being
he correlation coefficient equal to 0.993, which indicated
relatively strong relationship between the variables. The
ensitivity of this chiral method, corresponding to the slope
f the calibration line, was about 0.8 mL mg−1. The limit of
etection (calculated as the concentration corresponding to a
ignal equal to the intercept plus three times the standard error
f the calibration plot) was ∼0.10 mg mL−1 for malathion,
hat is,∼0.05 mg mL−1 for each malathion enantiomer. As a
onsequence, we considered a preconcentration step to apply
he chiral EKC method to the determination of malathion in
piked water samples.
Therefore, the preconcentration of malathion using ISO-
UTE SPE disks (C8/ENV+) was studied due to the appli-
ability of these disks to the extraction of OPs from water
amples [24]. First, different elution solvents were used in or-
er to obtain the highest recovery in the extraction process of
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Table 3
Recovery of the extraction procedure of malathion from water samples when
different elution solvents were employed with the ISOLUTE SPE disks
(C8/ENV+)
Elution solvent Recovery (%)
Ethyl acetate 30 ± 4a
Diethyl ether 63 ± 7a
Ethyl acetate–tetrahydrofuran (50:50) 47 ± 6a
Ethyl acetate–diethyl ether (50:50) 81 ± 5b
a Average values obtained from two determinations.
b Average value obtained from seven determinations.
malathion from spiked tap water samples. Table 3 shows the
recovery obtained in the extraction procedure when different
elution solvents were used. This recovery was measured as
the ratio between the corrected total peak area measured for
malathion in the tap spiked water samples after SPE extrac-
tion and the corrected total peak area of a standard solution
with a concentration of malathion equal to the concentra-
tion that the final preconcentrated solution would have if the
recovery was equal to 100%. The results obtained show that
the best recovery for the extraction procedure was about 81%
when ethyl acetate–diethyl ether (50:50) was used as elution
solvent. Therefore, this elution solvent was used to apply the
analytical method combining disk solid-phase extraction with
EKC to the determination of malathion in water samples.
In order to evaluate the precision of the solid-phase
extraction-EKC method, repeatability and reproducibility
were studied. The repeatability for corrected migration times,
corrected total peak area, and concentration was determined
(as relative standard deviation, R.S.D.) for eight consecu-
tive injections of a solution in methanol obtained after solid-
phase extraction of a water sample spiked with 0.8g mL−1
of malathion. As it can be observed in Table 4, R.S.D. values
were less than 0.9% for the corrected migration times of the
enantiomers, 9.2% for corrected total peak area, and 8.7% for
the calculated concentration (value obtained after interpola-
tion of the total peak area in the calibration line and applying
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times of the enantiomers, 11.0% for corrected total peak area,
and 9.8% for the calculated concentration (see Table 4). Al-
though R.S.D. values for corrected migration times are good,
they are only acceptable for corrected peak areas (∼10%) and
it may be attributed to the use of volatile solvents (the sample
solvent is methanol) at room temperature.
The recovery of the method was studied by using water
samples containing increasing amounts of malathion. For this
purpose, water samples spiked with three different and known
quantities of malathion standard (0.8, 1.0, and 1.2g mL−1)
were preconcentrated by the solid-phase extraction proce-
dure and injected in the CE system. The recovery was ob-
tained by dividing the corresponding concentration obtained
by the EKC method (calculated by interpolating on the cal-
ibration line and applying the dilution factor) and corrected
with the average value of the recovery of the extraction proce-
dure (81%) [25] by the theoretical concentration. The mean
recovery obtained was 107%.
Finally, Fig. 3 shows the electropherogram corresponding
to the separation of the enantiomers of malathion in a tap wa-
ter sample spiked with 0.8g mL−1 after preconcentration
by disk solid-phase extraction (0.4g mL−1 of each enan-
tiomer). It can be observed the enantiomeric separation of
malathion and one unknown peak probably due to the sample.
The instability observed for the baseline was also observed
for the standard solutions being more appreciated in this case
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ahe corresponding dilution factor). On the other hand, repro-
ucibility in corrected migration times, in corrected total peak
rea, and in concentration was measured as the R.S.D. ob-
ained in two different days when solutions in methanol were
btained after solid-phase extraction of two individual water
amples spiked with 0.8g mL−1 of malathion. R.S.D. val-
es obtained were less than 0.7% for the corrected migration
able 4
recision measured as repeatability and reproducibility obtained in the ap-
lication of the disk solid-phase extraction-EKC method to the analysis of
alathion in tap water samples
epeatability for corrected migration timesa 0.9
epeatability for corrected total peak areaa 9.2
epeatability for concentrationa 8.7
eproducibility for corrected migration timesb 0.7
eproducibility for corrected total peak areab 11.0
eproducibility for concentrationb 9.8
a R.S.D. (%) values determined for eight consecutive injections.
b R.S.D. (%) values determined for two different water samples.ue to the scale used to see the small peaks corresponding
o the pesticide. Finally, it is important to consider that the
imit of detection (calculated from Fig. 3 as the concentration
orresponding to a signal three times the noise background)
f the SPE-EKC method developed is∼200 ng mL−1 of each
ig. 3. Electropherogram corresponding to the separation of the enantiomers
f malathion after preconcentration by disk solid-phase extraction of a tap
ater sample spiked with 0.8g mL−1 of malathion (0.4g mL−1 of each
nantiomer). Electrophoretic conditions: 25 mM Tris buffer (pH 7) contain-
ng 20 mM CM--CD at 25 ◦C and 24 kV. Injection by pressure, 50 mbar for
s; UV-detection at 230 nm; HP3D CE system. Preconcentration conditions:
SOLUTE SPE disk (C8/ENV+) using ethyl acetate–diethyl ether (50:50)
s elution solvent; U, unknown peak.
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malathion enantiomer in spite of the low absorption of this
OP.
4. Conclusions
A screening of various anionic cyclodextrin derivatives
under different experimental conditions (different buffer
nature and pH), has shown that carboxymethylated -
cyclodextrin (CM--CD) enabled the enantiomeric separa-
tion of malathion and phenthoate, the partial enantiomeric
separation of phenamiphos, and the separation of three of the
four enantiomers of isomalathion in 25 mM Tris buffer (pH
7) containing 20 mM CM--CD. The separation of the enan-
tiomers of naled was also possible in about 8 min in a 25 mM
borate buffer (pH 9) containing 10 mM CM--CD as chiral
selector, but in this case a signal corresponding to degrada-
tion products of this compound was also observed because it
is rapidly degraded in aqueous solution.
Due to malathion is one of the most used OPs in the agri-
culture it has been monitored in tap water samples spiked with
this pesticide in the g mL−1 concentration level. Neverthe-
less, due to the low sensitivity of the chiral EKC method
developed, a off-line preconcentration step by disk solid-
phase extraction was included and studied obtaining recov-
eries of about 81% when ethyl acetate–diethyl ether (50:50,
v
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Ruiz also thanks this Ministry for theRamo´n y Cajal program
(RYC-2003-001).
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